Although currently approved antipsychotics exert efficacy on positive symptoms of schizophrenia, treatments for negative symptoms remain a major unmet need. Post hoc analyses were used to investigate the possible efficacy of cariprazine in patients with moderate/severe negative symptoms of schizophrenia and no predominance of positive symptoms. Data were pooled from 2 randomized, double-blind, placebo-and active-controlled cariprazine studies in patients with acute schizophrenia (NCT00694707, NCT01104766). Analyses included data from a subset of patients with a Positive and Negative Syndrome Scale factor score for negative symptoms (PANSS-FSNS) ≥24, PANSS factor score for positive symptoms (PANSS-FSPS) ≤19, and scores of ≥4 on ≥2 of 3 PANSS items (blunted affect [N1], passive/apathetic social withdrawal [N4], lack of spontaneity/flow of conversation [N6]). Changes from baseline to week 6 in PANSS-FSNS were evaluated in the following treatment groups: placebo (n = 79), cariprazine 1.5-3 (n = 94) and 4.5-6 mg/d (n = 66), risperidone 4 mg/d (n = 34), or aripiprazole 10 mg/d (n = 44). Significant differences were observed versus placebo for cariprazine (1.5-3 mg/d, P = .0179; 4.5-6 mg/d, P = .0002) and risperidone (P = .0149), but not aripiprazole (P = .3265), and versus aripiprazole for cariprazine 4.5-6 mg/d (P = .0197). After adjusting for positive symptom changes, differences versus placebo remained statistically significant for cariprazine (1.5-3 mg/d, P = .0322; 4.5-6 mg/d, P = .0038) but not for risperidone (P = .2204). PANSS-FSNS response (≥20% reduction from baseline) rates were significantly higher with cariprazine (1.5-3 mg/d = 54.3%, P = .0194; 4.5-6 mg/d = 69.7%, P = .0001) than placebo (35.4%). In patients with acute schizophrenia and moderate/severe negative symptoms, cariprazine was associated with significantly greater improvement in negative symptoms compared with placebo and aripiprazole, warranting further exploration of the efficacy of cariprazine on negative symptoms.
Introduction
Schizophrenia is a complex neuropsychiatric brain syndrome characterized by 3 core symptom domains: positive symptoms (e.g., hallucinations, delusions), negative symptoms (e.g., blunted affect, alogia, anhedonia, avolition, asociality), and cognitive impairment. Negative symptoms can be categorized as primary negative symptoms, which are a core feature of the disease, or secondary negative symptoms, which are associated with or caused by psychotic symptoms, depression, or neurologic side effects due to excessive dopamine antagonism from antipsychotic treatment. Although atypical antipsychotics were initially expected to exert efficacy on primary negative symptoms, they have demonstrated minimal efficacy on this domain (Keefe et al., 2007; Nasrallah et al., 2011) . The only approved treatment for negative symptoms in schizophrenia is amisulpride, which is available in several European countries; no treatment is approved for negative symptoms in the United States (US). Negative symptoms contribute greatly to disease burden and can persist despite remission of positive symptoms. They have been linked to poor social and occupational functioning, profoundly impacting daily life and contributing to high levels of unemployment experienced by patients with schizophrenia (Hunter and Barry, 2012; Marder and Galderisi, 2017; Milev et al., 2005; Rabinowitz et al., 2013a; Rabinowitz et al., 2013b; Suttajit and Pilakanta, 2015) . Drugs that treat primary negative symptoms remain a major unmet need in the management of schizophrenia.
Due to preferential expression in the mesolimbic circuit, the dopamine D 3 receptor has been identified as a potential target for treating Schizophrenia Research xxx (xxxx) xxx-xxx the negative, cognitive, and mood symptoms associated with schizophrenia Joyce and Millan, 2005; Kiss et al., 2008; Laszy et al., 2005; Leggio et al., 2013) . Moreover, dopamine D 3 autoreceptor activity has been linked to regulation of dopamine synthesis and release (Aretha et al., 1995; Levant, 1997; Millan et al., 2008; Pugsley et al., 1995) . Antagonism of D 3 receptors has been hypothesized to enhance dopaminergic and cholinergic neurotransmission in certain areas of the brain, such as the prefrontal cortex (Lacroix et al., 2003; Stahl, 2017) , which may help alleviate negative and cognitive symptoms of schizophrenia. Cariprazine is an orally active and potent dopamine D 3 -preferring D 3 /D 2 receptor partial agonist and 5-HT 1A receptor partial agonist (Gyertyán et al., 2011; Kiss et al., 2010) . Cariprazine is approved in the US and Europe for the treatment of schizophrenia and in the US for the treatment of manic or mixed episodes associated with bipolar I disorder. Unlike other atypical antipsychotics, cariprazine shows high in vivo occupancy at both dopamine D 2 and D 3 receptors at clinically relevant doses (Girgis et al., 2016; Gyertyán et al., 2011) . In animal models, cariprazine has demonstrated dopamine D 3 receptordependent procognitive and anti-anhedonic effects, suggesting potential for treating negative symptoms (Duric et al., 2017; Zimnisky et al., 2013) . In support of this hypothesis, a 26-week, randomized, doubleblind, active-controlled, phase IIIb study in 461 stable patients with predominant negative symptoms of schizophrenia demonstrated the superior efficacy of cariprazine versus risperidone in improving negative symptoms (Németh et al., 2017) .
This prospective study demonstrated the ability of cariprazine to treat stable patients with schizophrenia and persistent, predominant negative symptoms. However, since patients with an acute exacerbation of schizophrenia frequently have both prominent positive and negative symptoms, we were interested in investigating the efficacy of cariprazine on negative symptoms in this population as well. Given the unique pharmacology of cariprazine, it may be possible for clinicians to reasonably anticipate improvement in symptoms from both positive and negative domains during short-term treatment. To evaluate this possibility, we performed a post hoc analysis of 2 Phase II/III shortterm studies in patients with acute schizophrenia to see if an efficacy signal for negative symptoms could be detected in a subpopulation of patients with moderate-to-severe negative symptoms and no predominance of positive symptoms.
Materials and methods

Study design
For post hoc analyses, data were pooled from 2 similarly designed, positive, 6-week, randomized, double-blind, placebo-and active-controlled, fixed-dose, international, phase II/III studies of cariprazine in adult patients with acute exacerbation of schizophrenia (NCT00694707, NCT01104766). Detailed methods for the studies have been previously published (Durgam et al., 2015; Durgam et al., 2014) . The trials consisted of a 1-week washout period, 6 weeks of double-blind treatment, and 2 weeks of safety follow-up. Patients were randomized 1:1:1 to fixed doses of cariprazine, placebo, or an active comparator, which was included for assay sensitivity. In the phase II study (RGH-MD-16), patients received placebo, cariprazine 1.5, 3.0 or 4.5 mg/d, or risperidone 4.0 mg/d; in the phase III study (RGH-MD-04), patients received placebo, cariprazine 3.0 or 6.0 mg/d, or aripiprazole 10 mg/d.
Patients
Component studies enrolled male and female patients aged 18-60 years, inclusive, with a diagnosis of schizophrenia per DSM-IV-TR (APA, 2000) criteria for a minimum of 1 year and current acute exacerbation of schizophrenia (b2 weeks in duration). Clinical inclusion criteria included Clinical Global Impressions-Severity of Illness (CGI-S) (Guy, 1976) score ≥ 4, Positive and Negative Syndrome Scale (PANSS) (Kay et al., 1987) total score ≥ 80 and ≤ 120, and a score ≥ 4 on at least 2 of the PANSS positive symptoms of delusions, hallucinatory behavior, conceptual disorganization, or suspiciousness/persecution. Patients with other DSM-IV-TR psychiatric disorders (e.g., schizoaffective disorder, bipolar disorder, severe axis II disorders), treatment resistance (i.e., poor response to ≥2 antipsychotics of adequate dose and duration during the past 2 years), substance abuse within 3 months of the study, or suicide risk (based on the psychiatric interview or the Columbia-Suicide Severity Rating Scale [C-SSRS]) (Posner et al., 2011) were excluded.
Post hoc analyses were conducted using data from a subset of acutely exacerbated patients in the intent-to-treat (ITT) population (i.e., patients who received investigational product and had a postbaseline PANSS assessment). A subset of patients with moderate/severe negative symptoms was identified using PANSS-based criteria at baseline that approximated the inclusion criteria from the prospective study of cariprazine efficacy on predominant negative symptoms of schizophrenia (Németh et al., 2017) . Negative and positive symptom severity were assessed using 2 PANSS-based factor scores, the PANSS factor score for negative symptoms (PANSS-FSNS) and the PANSS factor score for positive symptoms (PANSS-FSPS). The PANSS-FSNS is a clinically validated factor developed by Marder et al. (Marder et al., 1997) to identify core negative symptoms; it consists of 7 of the 30 PANSS items: blunted affect (N1), emotional withdrawal (N2), poor rapport (N3), passive social withdrawal (N4), lack of spontaneity (N6), motor retardation (G7), and active social avoidance (G16). The PANSS-FSPS was developed by Mohr et al. (Mohr et al., 2004) to characterize core positive symptoms and consists of the following PANSS items: delusions (P1), hallucinatory behavior (P3), grandiosity (P5), suspiciousness/persecution (P6), and unusual thought content (G9). For post hoc analyses, data were pooled from patients with baseline PANSS-FSNS ≥24 and PANSS-FSPS ≤19, as well as scores ≥4 on at least 2 of the following PANSS items: blunted affect (N1), passive/apathetic social withdrawal (N4), or lack of spontaneity and flow of conversation (N6).
Post hoc analyses
Placebo, pooled cariprazine 1.5-3 mg/d, pooled cariprazine 4.5-6 mg/d, risperidone 4 mg/d, and aripiprazole 10 mg/d treatment groups were analyzed. Treatment-group data from each component study were also analyzed. Post hoc efficacy measures evaluated least squares (LS) mean change from baseline to week 6 in PANSS-FSNS, PANSS-FSPS, and PANSS total scores; LS mean differences (LSMD) between treatment arms were calculated.
Analyses used a mixed-effects model for repeated measures (MMRM) approach with treatment group, study, region (US or non-US), visit, region-by-visit interaction, and treatment group-by-visit interaction as fixed effects and baseline value and baseline-by-visit interaction as covariates. An unstructured covariance matrix was used to model the covariance of within-patient scores. P values were from the test of no difference between the cariprazine dose group and placebo or active controls at a given visit; effect sizes (ES) were calculated using Cohen's d. To assess whether changes in negative symptoms were related to changes in positive symptoms, change from baseline in PANSS-FSPS was also included as a covariate in the MMRM model. To assess whether changes in negative symptoms were related to changes in extrapyramidal symptoms (EPS), mean changes from baseline to week 6 in Abnormal Involuntary Movement Scale (AIMS) (Guy et al., 1976) total score, Barnes Akathisia Rating Scale (BARS) (Barnes, 1989) total score, and Simpson-Angus Scale (SAS) (Simpson and Angus, 1970) total score were evaluated.
PANSS-FSNS response rates (≥20% reduction from baseline in PANSS-FSNS at week 6) were evaluated using a last observation carried forward (LOCF) approach and were based on a logistic regression model for the probability of response; the model included treatment group, study, region, and corresponding baseline value as explanatory variables. Odds ratios (OR) versus placebo, 95% confidence intervals (CIs), P values, and numbers needed to treat (NNTs) were calculated.
Results
Patient demographics and disposition
At baseline, moderate/severe negative symptom criteria were met by at least 20% of patients in each treatment group in the pooled ITT population (placebo = 26.6% [79/297] The majority of patients in the negative symptom subgroup were men and the mean age was 36 to 39 years across dose groups (Table 1) . Baseline PANSS total (range, 97-100) and CGI-S (range, 4.7-4.8) scores indicated that patients were moderately to markedly ill (Leucht et al., 2005) . Study completion rates were generally similar among active-treatment groups, although a lower percentage of placebo-treated patients completed the component studies. Most discontinuations were due to adverse events, insufficient therapeutic response, and withdrawal of consent, with the highest percentage of discontinuations due to adverse events seen in the cariprazine high-dose group and the highest percentage of discontinuations due to insufficient therapeutic response seen in the placebo group (Table 1) .
Efficacy parameters
Compared with placebo, mean reductions in PANSS-FSNS from baseline to week 6 were significantly greater in the cariprazine 1. (Fig. 1A) . For both cariprazine dose groups, significant differences versus placebo in PANSS-FSNS change occurred at week 2 and remained significant at all subsequent visits. For the risperidone group, a significant difference versus placebo in PANSS-FSNS change was observed at week 3 and all Baseline summary statistics were based on patients with baseline and at least 1 postbaseline measurement; summary statistics for other timepoints are based on subjects with both baseline assessment and post-baseline measurement at that timepoint. BMI, body mass index; CGI-S, Clinical Global Impressions-Severity; PANSS, Positive and Negative Syndrome Scale; PANSS-FSNS, PANSS factor score for negative symptoms; PANSS-FSPS, PANSS factor score for positive symptoms; SD, standard deviation. After adjusting for changes in positive symptoms, between-group differences at week 6 remained statistically significant for both cariprazine doses versus placebo (1.5-3 mg/d: −1.4 [−2.7, −0.1], P = .0322; 4.5-6 mg/d: −2.1 [−3.5, −0.7], P = .0038); conversely, risperidone (−1.1 [−2.8, 0.7], P = .2204) and aripiprazole (−0.2 [−1.8, 1.3], P = .7635) did not statistically separate from placebo after adjustment for changes in positive symptoms. Additionally, the difference between cariprazine 4.5-6 mg/d and aripiprazole at week 6 remained statistically significant in favor of cariprazine after adjusting for changes in positive symptoms (−1.9 [−3.47, −0.24]; P = .0244); no significant differences were observed between cariprazine 1.5-3 mg/d versus aripiprazole, or for either cariprazine dose versus risperidone after positive symptom adjustment. Changes from baseline to week 6 in AIMS, SAS, or BARS total scores were minimal in all treatment groups ( Supplementary Fig. 1 ).
At week 6, the percentage of patients who met PANSS-FSNS response criteria (≥20% reduction from baseline in PANSS-FSNS) was significantly higher for both cariprazine dose groups compared with placebo (cariprazine 1. .85], P = .5320, NNT = 19) was numerically higher than with placebo, although differences were not statistically significant.
Analysis of individual study data demonstrated a similar trend to the pooled analyses with respect to cariprazine improvements in negative symptoms (Fig. 2) . Compared with placebo, cariprazine treatment was associated with significantly greater LS mean changes from baseline to week 6 in the PANSS-FSNS in the cariprazine 4.5 mg/d group in RGH-MD-16 and the 6 mg/d group in RGH-MD-04. Neither risperidone nor aripiprazole significantly differed from placebo in PANSS-FSNS change in the individual component studies.
LS mean changes from baseline to week 6 in PANSS total score were significantly greater for all 4 treatment groups versus placebo (cariprazine 1 (Fig. 4) .
Discussion
In this subset of patients with acutely exacerbated schizophrenia and concurrent negative symptoms, cariprazine and risperidone were associated with significantly greater improvement in negative symptoms than placebo. In addition, higher cariprazine doses (4.5-6 mg/d) were significantly more effective than aripiprazole in improving negative symptoms in this population. The effects of cariprazine on negative symptoms appeared to be at least partially independent of improvements in positive symptoms and EPS, which is important since negative symptom improvement is often secondary to improvements in other domains, making it difficult to identify treatment effects on primary negative symptoms. The percentage of patients who met PANSS-FSNS response criteria at week 6 was significantly greater for both cariprazine doses versus placebo, while differences for risperidone and aripiprazole versus placebo did not meet statistical significance. These results suggest that cariprazine was effective in treating negative symptoms in acutely exacerbated patients with moderate/severe negative symptoms of schizophrenia and no predominance of positive symptoms.
In a previous pooled post hoc analysis of 5 studies, aripiprazole 5-30 mg/d demonstrated efficacy against multiple symptom domains, including negative symptoms, in patients with acutely exacerbated schizophrenia (Janicak et al., 2009) . Similar to our analysis, the aripiprazole analysis did not specifically select for patients with negative symptoms, so it is unknown whether effects were direct effects or secondary to improvements in positive symptoms. Contrary to the aripiprazole pooled analysis, aripiprazole 10 mg/d was not effective against negative symptoms in a subpopulation of patients with moderate/severe negative symptoms in our analysis and the cariprazine 4.5-6 mg/d group demonstrated significantly greater improvement in negative symptoms compared with the aripiprazole group after 6 weeks of treatment. However, only one aripiprazole dose that was at the low end of the approved dose range was evaluated in our analysis, which could have influenced the drug's performance. While aripiprazole and cariprazine share some pharmacological similarities, including both acting as partial agonists at dopamine D 2 and D 3 receptors, cariprazine is more selective for the D 3 versus D 2 receptor, while aripiprazole has greater selectivity for D 2 receptors (Kiss et al., 2010) . Additionally, in a recent PET study of cariprazine and aripiprazole in healthy adults, cariprazine showed substantial dopamine D 3 receptor occupancy (N60%) at a dose of 1 mg/d while aripiprazole showed negligible occupancy at 4 mg/d (Girgis et al., 2017) . As the dopamine D 3 receptor has been hypothesized to modulate negative symptoms, the higher affinity of cariprazine for the dopamine D 3 receptor may contribute to its efficacy against negative symptoms. In support of this hypothesis, cariprazine, but not aripiprazole, exhibited dopamine D 3 receptor-dependent antidepressant-like effects in a rodent model of anhedonia (Duric et al., 2017) .
The improvements in negative symptoms observed with cariprazine in the present analysis support results from a previous, prospectively designed study of cariprazine in clinically stable patients with schizophrenia and predominant negative symptoms. In that 26-week, double-blind, active-controlled trial, cariprazine treatment resulted in significantly greater improvement than risperidone on negative symptoms and social functioning (Németh et al., 2017) . Although differences between cariprazine and risperidone did not reach statistical significance on any symptom domain in our post hoc analysis, the treatment effects on negative symptoms were higher for cariprazine (ES = 0.706) than for risperidone (ES = 0.565). The high-dose cariprazine treatment group also had a smaller NNT for PANSS-FSNS response than did the risperidone group, suggesting that fewer patients may need to be treated with this dose of cariprazine than with risperidone to achieve an additional positive result. Of note, significant differences between cariprazine and risperidone in the Németh study were not observed until after 14 weeks of treatment and treatment differences continued to increase until the end of the study (Németh et al., 2017) . In contrast, the studies used in this post hoc analysis were only of 6 weeks in duration. Enduring negative symptoms may require longer treatment duration than positive symptoms to see full improvement.
To put our results in the context of the literature, a meta-analysis comparing first-and second-generation antipsychotics found that only 4 second-generation agents (amisulpride, clozapine, olanzapine, risperidone [effect sizes = −0.13 to −0.32]) were more effective on negative symptoms than first-generation agents and 5 secondgeneration antipsychotic drugs (i.e., aripiprazole, quetiapine, sertindole, ziprasidone, and zotepine) were not (Leucht et al., 2009b) . The authors concluded that efficacy on negative symptoms cannot therefore be considered a core component of atypicality. In a second meta-analysis comparing second-generation antipsychotics with placebo, antipsychotics had greater efficacy in treating negative symptoms than did placebo, but the effect size for negative symptoms (−0.39) was smaller than the effect sizes for overall symptoms (−0.51) or positive symptoms (−0.48) (Leucht et al., 2009a) . It should be noted that most of the studies included in these meta-analyses investigated patients with predominantly positive symptoms, so some improvement was possibly attributable to changes in symptoms from other symptom domains (e.g., positive, depressive, EPS).
While the post hoc analyses attempted to minimize pseudospecific effects by selecting patients with low positive symptom scores, baseline positive symptom scores were higher in the acute studies than in the Németh study due to the different inclusion criteria (Durgam et al., 2015; Durgam et al., 2014; Németh et al., 2017) . In our analyses, both cariprazine and risperidone treatment led to statistically significant improvements versus placebo on both positive and negative symptoms. After controlling for improvement in positive symptoms, significant improvement in negative symptoms was still demonstrated for cariprazine versus placebo, as well as for cariprazine 4.5-6 mg/d versus aripiprazole, suggesting that at least part of its efficacy may be due to differential effects on negative symptoms. In contrast, the significant improvement in negative symptoms for risperidone versus placebo was lost after controlling for changes in positive symptoms, suggesting that its efficacy may be primarily driven by improvements in positive symptoms. Changes in EPS were minimal in this patient population, as reflected by consistent SAS, BARS, and AIMS scores over time; therefore, treatment effects of cariprazine on negative symptoms in these patients are not likely related to changes in EPS.
Limitations of this post hoc analysis include the short duration of the component studies, which may be insufficient for complete evaluation of negative symptom improvement. Moreover, the sample size of patients with negative symptoms was small in some treatment groups, especially in the active comparator arms. These findings may not be generalizable to all patients with negative symptoms because of the inclusion/exclusion criteria in the primary studies, including the requirement that patients were experiencing an acute exacerbation of schizophrenia. As is common in investigations of negative symptoms in schizophrenia, patients included in these analyses met the criteria for acute exacerbation of schizophrenia with moderate-to-severe negative symptoms, but they were not prospectively selected for the presence of predominant negative symptoms. As such, some improvements in negative symptoms may have been secondary to improvements in positive symptoms, depression, or extrapyramidal symptoms. P values were not adjusted for multiple comparisons in this post hoc analysis, increasing the risk of type I errors. All dosages analyzed were within the FDA-recommended dose range for adults with schizophrenia; the recommended dose range is 1.5-6 mg/d for cariprazine (Vraylar, 2017) , 4-8 mg/d for risperidone (Risperidone, 2009) , and 10-15 mg/d for aripiprazole (Abilify, 2016) . The cariprazine dosages used in the component studies were pooled into high-(4.5 and 6 mg/d) and low-dose (1.5 and 3 mg/d) groups for post hoc analysis, while only one dose each of risperidone (4 mg/d) and aripiprazole (10 mg/d) were analyzed. Efficacy and tolerability in schizophrenia have been established at these doses for risperidone and aripiprazole, although it is unknown if higher doses of these compounds would have been more effective in these analyses. Finally, since risperidone and aripiprazole were each used in only one of the component studies, the number of patients in these treatment groups was smaller than the number in the pooled cariprazine groups; fewer patients per group may have limited the ability to detect a significant difference versus placebo. In conclusion, cariprazine compared with placebo was an effective treatment against negative symptoms of schizophrenia. These improvements were at least in part due to direct effects on primary negative symptoms, as cariprazine resulted in significant improvement versus placebo in negative symptoms after controlling for positive symptoms. These results support those of the previous study in stable patients with persistent, predominant negative symptoms, suggesting that cariprazine is efficacious in treating primary negative symptoms of schizophrenia. The efficacy of cariprazine in primary negative symptoms of schizophrenia represents a treatment breakthrough in a symptom domain that has limited treatment options.
Supplementary data to this article can be found online at https://doi. org/10.1016/j.schres.2018.08.020.
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